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(57) ABSTRACT

A speaker system includes a speaker cabinet that has an
opening, a first speaker including a first diaphragm, and at
least one acoustic tube opened at both ends. When an ampli-
tude of vibration of the first diaphragm vibrated by applying
a correction AC signal together with the first AC signal to the
first speaker 1s equalized to the amplitude of vibration of the
second diaphragm, a sound pressure reproduced by vibration
of the first diaphragm 1s equal to or lower than a sound
pressure reproduced by vibration of the second diaphragm of
the second speaker. This 1s accomplished by applying a third
AC signal having a frequency equal to or higher than a mini-
mum resonance frequency of the closed type cabinet deter-
mined by the internal volume of the closed type cabinet and
the caliber of the second speaker 1s applied to the second
speaker.
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1
SPEAKER SYSTEM

BACKGROUND

1. Technical Field

The present disclosure relates to a speaker system using an
open acoustic tube.

2. Description of the Related Art

In a speaker system for a vehicle, reproduction 1s
demanded to be performed with sound volumes suificient in a
low frequency range to create poweriul sounds. For this pur-
pose, 1n a structure 1 which a speaker unit 1s attached to a
closed type cabinet, reproduction has been performed with a
sound pressure level in a low frequency range electrically
corrected and thereby increased. For example, FIG. 9 1s a
conceptual diagram of a sound pressure frequency character-
istic before and after the correction. FIG. 9 1s a diagram
illustrating sound pressure characteristics with respect to fre-
quencies 1n a structure 1n which a speaker unit 1s attached to
a closed type cabinet. In FIG. 9, the solid line represents a
sound pressure characteristic with respect to Ifrequencies
when electrical correction 1s performed on a sound pressure
level 1 a low frequency range and the dotted line represents
a sound pressure characteristic with respect to frequencies
when electrical correction 1s not performed on a sound pres-
sure level 1n a low frequency range. When electrical correc-
tion 1s performed on a sound pressure level in a low frequency
range, electrical amplification 1s performed on a band equal to
or lower than the resonance frequency of the closed type
cabinet determined by the caliber of the speaker unit and the
internal volume of the closed type cabinet, whereby a sound
pressure substantially equal to that in a medium and high
frequency range 1s reproduced.

SUMMARY

In one general aspect, the techmiques disclosed here feature
a speaker system including a speaker cabinet that has an
opening, a lirst speaker unit attached to the speaker cabinet,
and at least one acoustic tube opened at both ends thereof.
One end of the acoustic tube 1s positioned inside the speaker
cabinet. The other end of the acoustic tube 1s connected to the
opening. In a case where an amplitude of vibration of a first
diaphragm of the first speaker unit vibrated by applying a first
AC signal having a frequency included 1n a first frequency
band and a correction AC signal having the same frequency as
the first AC signal to the first speaker unit 1s equalized to an
amplitude of vibration of a second diaphragm of a second
speaker unit vibrated by applying a second AC signal being
the same as the first AC signal to the second speaker unitin a
manner that the second speaker unit being the same as the first
speaker unit 1s attached to a closed type cabinet having the
same 1nternal volume as the speaker cabinet, a sound pressure
reproduced by vibration of the first diaphragm 1s equal to or
lower than a sound pressure reproduced by vibration of the
second diaphragm when a third AC signal having a frequency
equal to or higher than a minimum resonance frequency of the
closed type cabinet determined by the internal volume of the
closed type cabinet and the caliber of the second speaker unit
1s applied to the second speaker unit. The first frequency band
includes a first resonance frequency determined by an acous-
tic mass of the acoustic tube and an acoustic compliance
component which 1s determined by an internal volume of the
speaker cabinet excluding a volume of the acoustic tube. The
first frequency 1s lower than the minimum resonance fre-
quency of the closed type cabinet.
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One non-limiting and exemplary embodiment of the
speaker system according to the present disclosure provides a
speaker system enabling reproduction with a high sound pres-
sure and a low distortion 1n a low frequency band correspond-
ing to the first frequency band.

Additional benefits and advantages of the disclosed
embodiments will become apparent from the specification
and drawings. The benefits and/or advantages may be 1ndi-
vidually obtained by the various embodiments and features of
the specification and drawings, which need not all be pro-
vided 1n order to obtain one or more of such benefits and/or
advantages.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a plan view of a speaker system according to
Embodiment 1 of the present disclosure;

FIG. 1B 1s a cross-section view of the speaker system
according to Embodiment 1 of the present disclosure;

FIG. 2 1s a diagram 1llustrating a sound pressure frequency
characteristic according to Embodiment 1 of the present dis-
closure;

FIG. 3 1s a diagram 1illustrating an amplitude frequency
characteristic according to Embodiment 1 of the present dis-
closure;

FIG. 4 1s a diagram 1llustrating a sound pressure frequency
characteristic with a same amplitude according to Embodi-
ment 1 of the present disclosure;

FIG. 5A 1s a plan view of a speaker system according to
Embodiment 2 of the present disclosure;

FIG. 5B 1s a cross-section view of the speaker system
according to Embodiment 2 of the present disclosure;

FIG. 6 1s a diagram 1illustrating an amplitude frequency
characteristic according to Embodiment 2 of the present dis-
closure;

FIG. 7 1s a diagram 1illustrating a particle velocity charac-
teristic according to Embodiment 2 of the present disclosure;

FIG. 8 1s a diagram 1llustrating the relation between a ratio
ol the volume of an acoustic tube to the total internal volume
and a particle velocity mside the acoustic tube according to
Embodiment 2 of the present disclosure; and

FIG. 9 1s a conceptual diagram of a sound pressure fre-
quency characteristic before and after electrical correction
when a speaker unit 1s attached to a closed type cabinet.

DETAILED DESCRIPTION

Firstly, matters studied by the inventors for disclosing each
aspect of the present disclosure will be described.
(Underlying Knowledge Forming Basis of the Present Dis-
closure)

As 1illustrated in FIG. 9, when a sound pressure in a low
frequency range 1s electrically amplified, the amplitude of
vibration of a diaphragm 1n a speaker umit 1s increased in
proportion to the sound pressure. Accordingly, the vibration
mode and the driving force of the diaphragm are deviated
from a linear region and a distortion included 1n a reproduced
sound 1s increased. As a result, suilicient amplification 1s
inhibited and a target characteristic cannot be achieved. Fur-
thermore, a low frequency component of a sound source in
which a significant distortion i1s generated will need to be
suppressed with a high-pass filter. These have been problems
hindering suificient low-irequency range reproduction. The
present disclosure solves the above-described problems with
conventional techniques and provides a speaker system 1n
which high sound pressure reproduction and low distortion
reproduction are both achieved 1n a low frequency range.
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A speaker system according to the present disclosure
includes a speaker cabinet that has an opening, a first speaker
unit attached to the speaker cabinet, and at least one acoustic
tube opened at both ends thereot. One end of the acoustic tube
1s positioned inside the speaker cabinet. The other end of the
acoustic tube 1s connected to the opening. In a case where an
amplitude of vibration of a first diaphragm of the first speaker
unit vibrated by applying a first AC signal having a frequency
included 1n a first frequency band and a correction AC signal
having the same frequency as the first AC signal to the first
speaker unit 1s equalized to an amplitude of vibration of a
second diaphragm of a second speaker unit vibrated by apply-
ing a second AC si1gnal being the same as the first AC signal to
the second speaker unit 1n a manner that the second speaker
unit being the same as the first speaker unit 1s attached to a
closed type cabinet having the same volume as the speaker
cabinet, a sound pressure reproduced by vibration of the first
diaphragm 1s equal to or lower than a sound pressure repro-
duced by vibration of the second diaphragm when a third AC
signal having a frequency equal to or higher than a minimum
resonance frequency of the closed type cabinet determined by
the volume of the closed type cabinet and the caliber of the
second speaker unit 1s applied to the second speaker unit. The
first frequency band includes a first resonance frequency
determined by an acoustic mass of the acoustic tube and an
acoustic compliance component which 1s determined by an
internal volume of the speaker cabinet excluding a volume of
the acoustic tube. The first frequency 1s lower than the mini-
mum resonance ifrequency of the closed type cabinet.

When the first resonance frequency 1s defined as a fre-
quency 1n a low frequency range, the amplitude when the first
diaphragm of the first speaker unit 1s vibrated by applying the
first AC signal having a frequency included in the first fre-
quency band to the first speaker unit can be made smaller than
a second amplitude when the second diaphragm of the second
speaker unit 1s vibrated by applying the second AC signal
being the same as the first AC signal to the second speaker unit
in a manner that the second speaker unit being the same as the
first speaker unit 1s attached to the closed type cabinet.

This creates, 1n the first frequency band, a room for increas-
ing the amplitude when the first diaphragm 1s vibrated.

In a structure in which the second speaker unit being the
same as the first speaker unit 1s attached to the closed type
cabinet, to increase a sound pressure in the vicinity of a
frequency 1n a low frequency range, a correction AC signal
that causes the second diaphragm of the second speaker unit
to vibrate with an amplitude larger than the second amplitude
has to be applied to the second speaker unit. This increases a
distortion included 1n the sound pressure in the vicinity of a
frequency 1n a low frequency range 1n the closed type cabinet.

According to the present disclosure, when a correction AC
signal that increases the amplitude of the first speaker unit to
the level of the second amplitude 1n the first frequency band 1s
applied to the first speaker unit, the distortion included 1n the
sound pressure at a frequency 1n a low frequency range 1s
smaller than that caused when a correction AC signal 1s
applied to the second speaker unit, and furthermore, the sound
pressure level can be made higher.

With this configuration, the speaker system according to
the present disclosure can provide a speaker system enabling,
reproduction with a high sound pressure and a low distortion
in a low frequency band corresponding to the first frequency
band.

In the speaker system according to the present disclosure,
the acoustic tube may be spiral-shaped.
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With this structure, because a long acoustic tube can be
provided inside the speaker cabinet, the first resonance ire-
quency can be set to a frequency 1n a low frequency range.

In the speaker system according to the present disclosure,
the acoustic tube may be structured by connecting a spiral-
shaped plate member disposed 1nside the speaker cabinet and
two mner wall faces facing each other out of the inner wall
faces of the speaker cabinet.

With this structure, because a long acoustic tube can be
provided inside the speaker cabinet, not only the first reso-
nance frequency can be set to a frequency 1n a low frequency
range but also the spiral-shaped plate member disposed inside
the speaker cabinet also serves as a remnforcing plate of the
speaker cabinet, whereby box resonance 1s prevented and
rigidity 1s increased 1n the speaker cabinet.

In the speaker system according to the present disclosure,
the spiral-shaped plate member may also serve as a reinforc-
ing member of the speaker cabinet.

With this structure, no reinforcing member other than the
spiral-shaped plate member needs to be provided in the
speaker cabinet.

In the speaker system according to the present disclosure,
the shape of the acoustic tube may be a meandering shape
inside the speaker cabinet.

With this structure, because a long acoustic tube can be
provided inside the speaker cabinet, the first resonance ire-
quency can be set to a frequency 1n a low frequency range.

The speaker system according to the present disclosure
may include a plurality of first plate members each having one
end face connected to part of a first inner wall face of the
speaker cabinet and a second plate member with one end face
connected to part of a second iner wall face of the speaker
cabinet, the second iner wall face facing the first inner wall
tace. The plurality of first plate members may be disposed
spatially apart from each other and the other end face of each
of the plurality of first plate members opposite the one end
face of each of the plurality of first plate member may be
positioned away from a second inner wall face. The second
plate member may be disposed 1n a position between the first
plate members adjacent to each other and away from each of
the first plate members adjacent to each other. The other end
face of the second plate member opposite one end face of the
second plate member may be positioned away from the first
inner wall face. The acoustic tube may be formed of the
plurality of first plate members and the second plate member
respectively connected to a third inner wall face and a fourth
inner wall face that are two inner wall faces facing each other
out of the mner wall faces of the speaker cabinet and respec-
tively different from the first inner wall face and the second
inner wall face.

With this structure, because a long acoustic tube can be
provided inside the speaker cabinet, not only the first reso-
nance frequency can be set to a frequency 1n a low frequency
range but also the spiral-shaped plate member disposed inside
the speaker cabinet also serves as a reinforcing plate of the
speaker cabinet, whereby box resonance 1s prevented and
rigidity 1s increased 1n the speaker cabinet.

In the speaker system according to the present disclosure,
the first plate member and the second plate member may also
serve as reinforcing members of the speaker cabinet.

With this structure, no remnforcing member other than the
first plate member and the second plate member needs to be
provided 1n the speaker cabinet.

In the speaker system according to the present disclosure,
the cross section area perpendicular to the length direction of
the acoustic tube may be made smaller 1n part.
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When an acoustic tube in which the cross section area
perpendicular to the length direction of the acoustic tube 1s
not made smaller in part, that 1s, the cross section area per-
pendicular to the length direction 1s the same 1n every part
(referred to as a first acoustic tube) 1s compared with an
acoustic tube 1n which the cross section area perpendicular to
the length direction of the acoustic tube 1s made smaller in
part (referred to as a second acoustic tube), 11 the length of the
first acoustic tube and that of the second acoustic tube are the
same, the acoustic mass of the second acoustic tube is larger
than that of the first acoustic tube.

If the length of the first acoustic tube and that of the second
acoustic tube are the same, as an acoustic tube to be attached
to the speaker cabinet, the second acoustic tube can be
attached to obtain a larger acoustic mass compared with the
first acoustic tube, whereby the resonance frequency (the first
resonance frequency) determined by the acoustic mass of the
acoustic tube and the acoustic compliance determined by the
back volume of the speaker unit can be set to a lower value.

Furthermore, when the resonance frequency set when the
first acoustic tube 1s used as an acoustic tube to be attached to
a speaker cabinet 1 1s the same as the resonance frequency set
when the second acoustic tube 1s used as an acoustic tube to be
attached to the speaker cabinet, the length of the second
acoustic tube 1s shorter than that of the first acoustic tube.
Thus, the second acoustic tube, of which the length 1s shorter
than that of the first acoustic tube, can be used to obtain the
resonance frequency when the first acoustic tube 1s used.

In the speaker system according to the present disclosure,
the first frequency band 1s a frequency band of 16 Hz to 45 Hz
and a sound pressure reproduced by vibration of the first
diaphragm when a first AC signal having a frequency in the
vicinity of the first resonance frequency 1s applied to the first
speaker unit 1s substantially the same as a sound pressure
reproduced by vibration of the second diaphragm when a
second AC signal being the same as the first AC signal 1s
applied to the second speaker unait.

In the speaker system according to the present disclosure,
being substantially the same indicates that the absolute value
of the difference between the sound pressure reproduced by
vibration of the first diaphragm and the sound pressure repro-
duced by vibration of the second diaphragm 1s within 1 dB.

In the speaker system according to the present disclosure,
the percentage of the internal volume of the acoustic tube to
that of the speaker cabinet 1s equal to or higher than 5%.

In the speaker system according to the present disclosure,
a second resonance Irequency determined by a length of the
acoustic tube substantially coincides with the peak frequency
of the sound pressure of the speaker unit attached to the
speaker cabinet.

With this structure, the sharpness (QQ) 1n the peak frequency
of the speaker unit can be suppressed, whereby the peak
frequency characteristic of the speaker unit can be tlattened.

In the speaker system according to the present disclosure,
a sound absorption material may be disposed as part of the
acoustic tube.

With this structure, rapid changes (dips) of the amplitude
characteristic of the diaphragm of the speaker unit in the
vicinity of the second resonance frequency determined by the
length of the acoustic tube can be reduced.

In the speaker system according to the present disclosure,
the acoustic tube may form surrounding walls of the speaker
cabinet.

In the speaker system according to the present disclosure,
when the same AC signal having a frequency of the second
frequency that 1s lower than the minimum resonance fre-
quency and different from the first frequency band 1s applied
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to each of the first speaker unit and the second speaker unit,
the sound pressure reproduced by vibration of the first dia-
phragm 1s substantially the same as the sound pressure repro-
duced by vibration of the second diaphragm.

In the speaker system according to the present disclosure,
being substantially the same indicates that the absolute value
of the difference between the sound pressure reproduced by
vibration of the first diaphragm and the sound pressure repro-
duced by vibration of the second diaphragm 1s within 1 dB.

Embodiments according to the present disclosure will be
described below with reference to the drawings.
(Embodiment 1)

FIG. 1A 1s a plan view of a speaker system part of which 1s
cut ol according to Embodiment 1 of the present disclosure.
FIG. 1B 1s a cross-section view taken along line IB-IB i FIG.
1A.

The speaker system includes a speaker cabinet 1, a speaker
unit 8 attached to a front face plate 2 of the speaker cabinet 1,
a partition plate 11 provided 1nside the speaker cabinet 1, and
an opening 12 provided on a side face plate 6 of the speaker
cabinet 1.

The speaker cabinet 1 includes the front face plate 2 to
which the speaker unit 8 (the first speaker unit) 1s attached, the
side face plate 6 on which the opening 12 1s provided, a side
face plate 3, a side face plate 4, and a side face plate 5, which
are for three faces other than the side face plate 6, a rear face
plate 7, and the partition plate 11 provided inside the speaker
cabinet 1.

The faces of the front face plate 2, the side face plate 3, the
side face plate 4, the side face plate S, the side face plate 6, and
the rear face plate 7 that are positioned outside the speaker
cabinet 1 form the outer frame of the speaker cabinet 1. The
outer frame of the speaker cabinet 1 has a hexahedral shape.

Furthermore, each of the faces of the front face plate 2, the
side face plate 3, the side face plate 4, the side face plate 3, the
side face plate 6, and the rear face plate 7 that are positioned
inside the speaker cabinet 1 form the mnner walls (or inner wall
faces) of the speaker cabinet 1.

The partition plate 11 1s spiral-shaped along the side face
plate 3, the side face plate 4, the side face plate 5, and the side
face plate 6.

The partition plate 11 1s connected to (or joined with) two
inner wall faces facing each other out of the inner wall faces
of the speaker cabinet 1. For example, the partition plate 11 1s
connected to the front face plate 2 and the rear face plate 7
inside the speaker cabinet 1.

An end of the partition plate 11 1s connected to the vicinity
of an end of the side face plate 6 1nside the speaker cabinet 1.

The partition plate 11 may be formed of a plurality of plate
members of which the ends are connected to one another to
form a spiral shape, or may be formed of a spiral-shaped plate
member.

Furthermore, if the spiral-shaped partition plate 11 1s
formed integrally with the side face plate 3, the side face plate
4, the side face plate 5, and the side face plate 6, the outermost
periphery of the spiral-shaped partition plate 11 forms the
side face plate 3, the side face plate 4, the side face plate 5, and
the side face plate 6.

Inside the speaker cabinet 1, a spiral-formed acoustic tube
10 1s formed of spiral-shaped inner and outer partition plates

11, the front face plate 2, and a rear face plate 7, or formed of
the partition plates 11, the side face plate 3, the side face plate
4, the side face plate 5, the side face plate 6, the front face plate
2, and the rear face plate 7.




US 9,414,151 B2

7

Both ends of the acoustic tube 10 structured as described
above are opened. One opening (or one end) of the acoustic
tube 10 1s positioned 1n the back volume part 9 of the speaker
unit 8.

Furthermore, the other opeming (or the other end) of the
acoustic tube 10 1s connected to the opening 12 provided on
the side face plate 6.

The back volume part 9 of the speaker unit 8 and the outside
of the speaker cabinet 1 (or the outside of the speaker system)
are connected through the acoustic tube 10 and the opening
12. The back volume part 9 1s a space, inside the speaker
cabinet 1, which 1s located at the back of the speaker unit 8. In
the speaker cabinet 1, the back volume part 9 does not include
a space of the acoustic tube 10. Namely, the back volume part
9 15 a space 1nside the speaker cabinet 1 excluding a space 1n
which the acoustic tube 10 1s arranged.

The speaker system according to Embodiment 1 includes
two resonance frequencies, for example. One 1s a resonance
frequency determined by the acoustic mass of the acoustic
tube 10 and the acoustic compliance, 1n the speaker cabinet 1,
determined by the back volume of the speaker unit 8. The
back volume of the speaker unit 8 1s a volume of a space
corresponding to the back volume part 9. Namely, the back
volume of the speaker unit 8 1s an internal volume of the
speaker cabinet 1 excluding a volume of the acoustic tube 10.
The other 1s a resonance frequency determined by the length
of the acoustic tube 10.

In the description below, the resonance frequency deter-
mined by the acoustic mass of the acoustic tube 10 and the
acoustic compliance determined by the back volume of the
speaker unit 8 1n the speaker system according to Embodi-
ment 1 will be referred to as a first resonance frequency.

The resonance frequency determined by the length of the
acoustic tube 10 1n the speaker system according to Embodi-
ment 1 will be referred to as a second resonance frequency in
the description.

The operation performed by the speaker system structured
as described above will now be described.

When an AC signal (for example, an AC voltage or an AC
current) 1s applied to the speaker unit 8, a diaphragm (the first
diaphragm, not illustrated) included 1n the speaker unit 8 1s
vibrated, and a sound 1s reproduced.

The reproduced sound 1s radiated to the outside of the
speaker cabinet 1. At this time, the reproduced sound 1s also
radiated to the back volume part 9 which is a space inside the
speaker cabinet 1 at the rear face of the diaphragm.

The sound radiated to the space inside the speaker cabinet
1 1s propagated to the inside of the acoustic tube 10.

Out of the sounds propagated to the inside of the acoustic
tube 10, only the sound radiated by vibration of the dia-
phragm 1n accordance with an AC signal having a frequency
in the vicinity of the first resonance frequency 1s radiated to
the outside of the speaker cabinet 1 through the acoustic tube
10 and the opening 12.

To describe the effect of the speaker system according to
Embodiment 1, the speaker system according to Embodiment
1 1s compared with a speaker system (referred to as a speaker
system to be compared) 1n which the same speaker unit as the
speaker unit 8 (the second speaker unit) 1s attached to a closed
type cabinet having an internal volume obtained by adding
the back volume of the speaker unit 8 to the internal volume
of the acoustic tube 10. The internal volume of the closed type
cabinet 1s equivalent to the internal volume of the speaker
cabinet 1.

This closed type cabinet does not include therein the acous-
tic tube 10 (especially, the partition plate 11) as 1llustrated in

FIGS. 1A and 1B.
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The speaker system to be compared has a resonance ire-
quency determined by the caliber of the speaker unit attached
to the closed type cabinet and the internal volume of the
closed type cabinet.

In the description below, 1n the speaker system to be com-
pared, the resonance frequency determined by the caliber of
the speaker unit attached to the closed type cabinet and the
internal volume of the closed type cabinet is referred to as a
minimum resonance frequency of the closed type cabinet.

In the speaker system according to Embodiment 1, the
acoustic mass of the acoustic tube 10 and the back volume of
the speaker unit 8 are designed such that the first resonance
frequency 1s lower than the minimum resonance frequency of
the closed type cabinet. The acoustic mass of the acoustic tube
10 depends on the length and the cross section area of the
acoustic tube 10, for example.

Therefore, if any one of the length or the cross section area
of the acoustic tube 10 1s changed, the acoustic mass of the
acoustic tube 10 changes 1n accordance therewith.

The speaker cabinet 1 1llustrated 1n FIGS. 1A and 1B has an
internal dimension o1 307 mm lengthx366 mm widthx65 mm
height. The internal volume of the speaker cabinet 1 1s at a
value obtained by adding the volume of the back volume part
9 to the internal volume of the acoustic tube 10. In this
example, the total internal volume of the speaker cabinet 1 1s
S L.

The speaker unit 8 1s an electrodynamic type speaker hav-
ing a diameter of 16 cm. The cross section of the acoustic tube
10 has an area of 65 mm lengthx11 mm width and has a length
of 2 m. The percentage of the internal volume of the acoustic
tube 10 1s 28% to the total internal volume.

With this structure, the first resonance frequency in the
speaker system according to Embodiment 1 1s 16 Hz.

On the other hand, the minimum resonance frequency in
the closed type cabinet created with consideration for the
above-described value 1s 70 Hz.

FIG. 2 1s a diagram of a case where AC signals having the
same amplitude are applied to the speaker unit of the speaker
system according to Embodiment 1 and the speaker unit of the
speaker system to be compared, and illustrates the relation
between the frequencies of the AC signals and the sound
pressure levels (SPL) of the sounds reproduced from the
diaphragm of each speaker unit (sound pressure frequency
characteristic).

In FIG. 2, the horizontal axis 1s the frequencies of AC
signals applied and the vertical axis i1s the sound pressure
levels of the speaker system. The speaker unit 8 of the speaker
system according to Embodiment 1 (the first speaker unit) and
the speaker unit of the speaker system to be compared (the
second speaker unit) are the same speaker units.

FIG. 3 1s a diagram of a case where AC signals having the
same amplitude are applied to the speaker unit 8 of the
speaker system according to Embodiment 1 and the second
speaker unit of the speaker system to be compared, and 1llus-
trates the relation between the frequencies of the AC signals
and the amplitude of vibration of the diaphragm of each
speaker unit (amplitude frequency characteristic).

In FIG. 3, the horizontal axis 1s the frequencies of AC
signals applied and the vertical axis 1s the amplitudes (spe-
cifically, the calculated logarithm values of the amplitudes) of
the diaphragms of the speaker units.

From the amplitude characteristic (the solid line) of the
diaphragm ofthe second speaker unit of the speaker system to
be compared, 1t can be understood that the amplitude of
vibration of the second diaphragm at the minimum resonance
frequency or lower (in this example, 70 Hz or lower) of the
closed type cabinet 1s substantially constant.
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Accordingly, to amplify the sound pressure of the closed
type cabinet at the minimum resonance frequency or lower in
the speaker system to be compared, the amplitude of vibration
of the second diaphragm of the second speaker unit needs to
be mcreased.

By contrast, the speaker system according to Embodiment
1 (speaker system 1n which the speaker unit 8 1s attached to the
speaker cabinet 1) 1s designed such that the first resonance
frequency 1s a frequency lower than the minimum resonance
frequency of the closed type cabinet (in this example, 16 Hz).

It can be understood from FI1G. 3 that 1n the speaker system
according to Embodiment 1, when an AC signal having a
frequency included in the first frequency band including the
first resonance frequency (in this example, 1n the range from
16 Hz to 45 Hz, more preferably, from 16 Hz to 30 Hz) 1s
applied, the amplitude of vibration of the diaphragm of the
speaker unit 8 1s smaller than that of the second diaphragm of
the second speaker unit of the speaker system to be compared.

Next, as 1llustrated 1n FI1G. 2, the sound pressure frequency
characteristic of the speaker system according to Embodi-
ment 1 (the dotted line) and the sound pressure frequency
characteristic of the speaker system to be compared (the solid
line) are similar.

Especially, in the first frequency band described above, the
absolute value of the difference between the sound pressures
ol the two speaker systems 1s kept within 1 dB. This indicates
that the characteristics of the two speaker systems are sub-
stantially the same.

Furthermore, 1n the second frequency band lower than the
mimmum resonance frequency and different from the above-
described first frequency band (for example, 1n the range from
45 Hz to 65 Hz), the absolute value of the difference between
the characteristics of the two speaker systems 1s withuin 1 dB.
This indicates that the characteristics of the two speaker sys-
tems are substantially the same.

The sound pressure characteristics represented 1n FIG. 2
indicates that in a case where the same speaker unit 1s attached
to the speaker cabinet 1 according to Embodiment 1 and the
closed type cabinet, when AC signals having the same fre-
quency and the same amplitude are applied to the speaker
units, no significant difference 1s caused between the two
cabinets 1n view of the sound pressure characteristics with
respect to the frequencies.

Furthermore, FIG. 2 represents the sound pressure charac-
teristics with respect to the second distortions and the third
distortions included in the sounds reproduced 1n the speaker
system according to Embodiment 1 and the speaker system to
be compared.

From the sound pressure frequency characteristics with
respect to the second distortions and the third distortions in
the speaker system according to Embodiment 1 and the
speaker system to be compared, 1t can be understood that 1n
the first frequency band, the sound pressure levels of the
second distortions and the third distortions in the speaker
system according to Embodiment 1 are lower than the sound
pressure levels of the second distortions and the third distor-
tions 1n the speaker system to be compared.

This indicates that the speaker system according to
Embodiment 1 1s superior to the speaker system to be com-
pared m view of reducing distortions in the reproduced
sounds (or in view of low distortion reproduction).

On the other hand, as indicated in FIG. 3 by the amplitude
characteristic of the diaphragm (the first diaphragm) of the
speaker unit 8 (the first speaker unit) 1n the speaker system
according to Embodiment 1 and the amplitude characteristic
of the diaphragm (the second diaphragm) of the second
speaker unit of the speaker system to be compared, at the
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minimum resonance frequency of the closed type cabinet (70
Hz) or lower in the second frequency band (in the range from
45 Hz to 65 Hz), the amplitudes of the two speaker units are
substantially the same.

By contrast, 1 the first frequency band, 1t can be under-
stood that the amplitude characternistics of the two speaker
units are greatly different.

It can be understood that 1n the speaker system to be com-
pared in FIG. 3, the amplitude of vibration of the second
diaphragm 1s substantially constant in the first frequency
band.

As described above, the closed type cabinet does not
include the acoustic tube 10. In the speaker system to be
compared, resonance 1s thus not generated at the first reso-
nance frequency. Accordingly, 1t can be understood that even
when an AC signal having a frequency in the vicimty of the
first frequency 1s applied to the second speaker unit, no sig-
nificant change 1s generated.

By contrast, the speaker system according to Embodiment
1 1s designed such that resonance 1s generated at the first
resonance Irequency. Accordingly, 1t can be understood that
when an AC signal having a frequency included 1n the first
frequency band (especially, a frequency 1n the vicinity of the
first resonance frequency) 1s applied to the first speaker unat,
the amplitude of that of the first speaker unit 1s smaller than
that of the second speaker unit when the same AC signal 1s
applied to the second speaker unit.

From the matters described above, 1t can be understood that
in the first frequency band, the amplitude of vibration of the
diaphragm of the speaker unit 8 (the first speaker unit) of the
speaker system according to Embodiment 1 1s smaller than
the amplitude vibration of the diaphragm of the second
speaker unit of the speaker system to be compared.

The inventors has noted that when the structure of the
speaker system according to Embodiment 1 1s employed, 1n
the first frequency band, there 1s a room for increasing the
amplitude of vibration of the diaphragm (the first diaphragm)
of the speaker unit 8 (the first speaker unit) to a degree equal
to the amplitude of vibration of the diaphragm (the second
diaphragm) of the second speaker unit of the speaker system
to be compared.

As described above with reference to FIG. 3, in the first
frequency band, the value of the amplitude of vibration of the
diaphragm of the speaker unit 8 when an AC signal including
a frequency 1included 1n the first frequency band (the first AC
signal) 1s applied to the speaker unit 8 of the speaker system
according to Embodiment 1 1s different from the value of the
amplitude of vibration of the diaphragm of the second speaker
unit when an AC signal being the same as the first AC signal
(the second AC signal) 1s applied to the second speaker unit of
the speaker system to be compared.

For example, when an AC signal including the first reso-
nance frequency and equalizing to the value of the amplitude
of vibration of the diaphragm of the second speaker unit
(correction AC signal) 1s applied to the speaker unit 8 together
with the first AC signal, the value of the amplitude of vibration
of the diaphragm of the speaker unit 8 can be increased at the
first resonance frequency.

This 1s true not only with an AC signal including the first
resonance Irequency but also with an AC signal including a
frequency 1n the first frequency band (1n this example, 1n the
range from 16 Hz to 45 Hz, preferably, 16 Hz to 30 Hz).

At this time, a distortion generated when the value of the
amplitude of vibration of the diaphragm of the speaker unit 8
1s increased can be made smaller than a distortion generated
when the value of the amplitude of vibration of the diaphragm
of the second speaker unit 1s increased.
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Furthermore, when the value of the amplitude of vibration
of the diaphragm of the speaker unit 8 1n the first frequency
band 1s increased, the sound pressure level of the speaker unit
8 1n the first frequency band 1s increased.

Accordingly, the sound pressure characteristic of the
speaker system according to Embodiment 1 in the first fre-
quency band corresponding to a low frequency band is
improved.

FIG. 4 1s a diagram 1llustrating the sound pressure ire-
quency characteristic (the dotted line) of the speaker system
according to Embodiment 1 when the correction AC signal 1s
applied to the speaker unit 8 together with the first AC signal
in the first frequency band.

FIG. 4 further illustrates the acoustic impedance charac-
teristic with respect to the frequency of the speaker system to
be compared and the sound pressure characteristic with
respect to the frequency of the speaker system to be compared
which 1s illustrated 1n FIG. 2.

Furthermore, as illustrated in FIG. 4, the acoustic imped-
ance characteristic with respect to the frequency of the closed
type cabinet indicates that the minimum resonance frequency
of the closed type cabinet 1s in the vicinity of 70 Hz.

As 1llustrated 1n FIG. 4, 1 the first frequency band, a
correction AC signal having a frequency being the same as the
first AC signal 1s applied to the speaker unit 8 together with
the first AC signal having a frequency included 1n the first
frequency band, and 1t can be thus understood that the sound
pressure characteristic of the speaker system according to
Embodiment 1 1s improved 1n the first frequency band.

Furthermore, the sound pressure level in the vicinity of the
first resonance frequency (in this example, 70 dB) 1s lower
than the sound pressure level when an AC signal (the third AC
signal) having the same amplitude as the first AC signal 1s
applied to the speaker unit 8 (or the second speaker unit) (1n
this example 90 dB). The third AC signal has a frequency of
the minimum resonance frequency of the closed type cabinet
or higher (in this example, 70 Hz or hlgher) This 1s because,
as the reproduction sound pressure 1n the first band, a sound
pressure of the reproduction sound pressure or higher in the
band of the minimum resonance frequency or higher 1s not
required.

Accordingly, 1n the speaker system according to Embodi-
ment 1, the sound pressure characteristic 1n a low frequency
band (in this example, 16 Hz to 45 Hz) can be improved by
applying a correction AC signal 1n the first frequency band.

As described above, the speaker system according to
Embodiment 1 has a significant characteristic in the structure
thereol designed such that the resonance frequency (the first
resonance frequency) 1s included 1n a low frequency band by
adjusting the acoustic mass of the acoustic tube 10 and the
acoustic compliance determined by the back volume of the
speaker unit 8.

With this structure, 1mn a low frequency band, a room for
increasing the amplitude of vibration of the diaphragm of the
speaker unit 8 can be secured with no problem. With this, the
sound pressure characteristic 1n a low frequency band corre-
sponding to the first frequency band can be improved by
applying a correction AC signal to the speaker unit 8.

Accordingly, compared with a speaker system 1n which a
speaker unit being the same as the speaker unit 8 1s attached to
an closed type cabinet having an internal volume obtained by
adding the back volume of the speaker unit 8 to the volume of
the acoustic tube 10, the speaker system according to the
present embodiment enables high sound pressure reproduc-
tion and low distortion reproduction 1n a low frequency band.

Furthermore, in the speaker system to be compared, a
closed type cabinet 1s used. When a closed type cabinet 1s
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used, a reinforcing member needs to be provided 1nside the
cabinet to prevent box resonance and increase rigidity. How-
ever, 1n the speaker system according to Embodiment 1, the
structure of the acoustic tube 10 (especially, the structure 1n
which the partition plate 11 1s disposed 1n a spiral shape and
connected to the front face plate 2 and the rear face plate 7)
can also have an effect as a remnforcing member. It 1s thus
unnecessary to provide a reinforcing member, especially for
reinforcing the speaker cabinet 1.

Furthermore, the resonance of the acoustic tube 10 1s gen-
erated at a frequency at which the length of the acoustic tube
10 1s a half wavelength. As a result, the amplitude 1s sup-
pressed, and the sound pressure level 1s also decreased, at the
frequency.

For example, when the length of the acoustic tube 101s 2 m
as 1n Embodiment 1, the resonance of the acoustic tube 10 1s
generated at 85 Hz. When the characteristics at 85 Hz are
checked in FIGS. 2 and 3, each of the sound pressures and the
amplitudes 1s decreased.

For example, when the characteristics of the speaker unit 8
include a peak, the peak 1s reduced by matching the peak
frequency with the resonance frequency of the acoustic tube
10, whereby the flatness of the sound pressure frequency
characteristic can be improved although this 1s not used 1n
Embodiment 1. This 1s also effective to the peak characteristic
generated when the speaker unit 8 1s attached to the cabinet.

Furthermore, to set each of the resonance frequency deter-
mined by the acoustic compliance determined by the back
volume of the speaker unit 8 and the acoustic mass of the
acoustic tube 10 (the first resonance frequency) and the reso-
nance frequency determined by the length of the acoustic tube
10 (the second resonance frequency) to a target frequency, the
cross section area of the acoustic tube 10 may be changed 1n
part.

As a result, the second resonance frequency can be
changed without changing the acoustic compliance deter-
mined by the back volume of the speaker unit 8 and the first
resonance frequency.

Furthermore, 1n the acoustic tube 10 according to the
present embodiment which has been exemplified in the
description above, the cross section area perpendicular to the
length direction of the acoustic tube 1s not small 1n part, that
1s, the cross section area perpendicular to the length direction
of the acoustic tube 10 1s the same 1n every part. An acoustic
tube with this structure 1s referred to as a first acoustic tube.

However, the embodiment 1s not limited thereto. For
example, one 1n which the cross section area perpendicular to
the length direction of the acoustic tube 10 1s small 1n part
may be used as an acoustic tube. An acoustic tube with this
structure 1s referred to as a second acoustic tube.

When the first acoustic tube and the second acoustic tube
are compared, if the lengths thereof are the same, the acoustic
mass of the second acoustic tube 1s larger than that of the first
acoustic tube.

As described above, 1n the speaker system according to the
present embodiment, resonance 1s generated at the resonance
frequency determined by the acoustic mass of the acoustic
tube 10 and the acoustic compliance determined by the back
volume of the speaker unit 8 (the first resonance frequency).

When the length of the acoustic tube 10 attached 1nside the
speaker cabinet 1 1s limited, 11 the first acoustic tube 1s used as
the acoustic tube 10, a resonance frequency lower than the
resonance Ifrequency corresponding to the length limit value
may not be set as the first resonance frequency 1n some cases.

I1 the length of the first acoustic tube and that of the second
acoustic tube are the same, as the acoustic tube 10 to be
attached to the speaker cabinet 1, the second acoustic tube can
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be attached to obtain a larger acoustic mass compared with
the first acoustic tube, whereby the value of the first resonance
frequency can be set to a lower value than when the first
acoustic tube 1s attached.

Furthermore, when the resonance frequency set when the
first acoustic tube 1s used as the acoustic tube 10 to be attached
to the speaker cabinet 1 i1s the same as the resonance ire-
quency set when the second acoustic tube 1s used as the
acoustic tube 10 to be attached to the speaker cabinet 1, the
length of the second acoustic tube is shorter than that of the
first acoustic tube. Thus, the second acoustic tube, of which
the length 1s shorter than that of the first acoustic tube, can be
used to obtain the resonance frequency when the first acoustic
tube 1s used.

It should be noted that when the first acoustic tube as
described above 1s used as the acoustic tube 10, the shorter the
length thereof, the higher the resonance frequency deter-
mined by the length of the acoustic tube 10. It 1s thus desirable
to set the length of the acoustic tube 10 short and thereby set
the second resonance frequency (the resonance frequency
determined by the length of the acoustic tube 10) to the
outside of the reproduction band of the speaker system when
a peak 1s not included 1n the sound pressure frequency char-
acteristics and does not need to be suppressed.

In Embodiment 1, an electrodynamic type unit 1s used as
the speaker unit 8. However, some other type of unit such as
a piezoelectric unit may be used.

Furthermore, although the acoustic tube 10 1s formed of
one acoustic tube 1n the description above, the acoustic tube
10 may be formed of a plurality of acoustic tubes. For
example, 1f two acoustic tubes, of which the cross section
areas are half that of the acoustic tube 10 according to
Embodiment 1 and the lengths are the same as that of the
acoustic tube 10 according to Embodiment 1, are used to form
a speaker system, the same effect as 1n the speaker system
according to Embodiment 1 can be achieved.

(Embodiment 2)

FIG. 5A 15 a plan view of a speaker system part of which 1s
cut off according to Embodiment 2 of the present disclosure.
FIG. 5B 1s a cross-section view taken along line VB-VB 1n
FIG. SA.

The speaker system includes a speaker cabinet 100, a
speaker unit 8 attached to a front face plate 102 of the speaker
cabinet 100, partition plates 111a and 1115 provided nside
the speaker cabinet 100, and an opening 112 provided on a
side face plate 105 of the speaker cabinet 100.

The speaker cabinet 100 includes the front face plate 102 to
which the speaker unit 8 1s attached, the side face plate 105 on
which the opening 112 1s provided, a side face plate 103, a
side face plate 104, and a side face plate 106, which are for
three faces other than the side face plate 105, a rear face plate
107, and the partition plate 1114 (a first plate member) and the
partition plate 1115 (a second plate member), which are pro-
vided 1nside the speaker cabinet 100.

Furthermore, one end face of the partition plate 111a 1s
connected to the side face plate 105 at the inner side of the
speaker cabinet 100 (a first inner wall face of the speaker
cabinet 100).

Furthermore, one end face of the partition plate 1115 1s
connected to the side face plate 106 at the inner side of the
speaker cabinet 100 (a second mnner wall face of the speaker
cabinet 100).

Furthermore, each of the partition plate 111a and the par-
tition plate 1115 1s connected to the front face plate 102 at the
inner side of the speaker cabinet 100 (a third inner wall face of
the speaker cabinet 100).
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Furthermore, each of the partition plate 111« and the par-
tition plate 1115 1s connected to the rear face plate 107 at the
inner side of the speaker cabinet 100 (a fourth inner wall face
of the speaker cabinet 100). With this structure, the partition
plate 111a and the partition plate 1115 also have an effect as
reinforcing members of the speaker cabinet 100.

The speaker system 1llustrated in FIGS. 5A and 3B has a
plurality of the partition plate 111a.

The speaker system 1llustrated in FIGS. 5A and 3B has a
plurality of the partition plate 11154.

The space between the partition plates 111a adjacent to
cach other and the space between the partition plates 1115
adjacent to each other are the same, for example. Further-
more, the thicknesses of the partition plates 111a and the
thicknesses of the partition plates 1115 are the same, for
example. And each space between the partition plate 111a
and the partition plate 1115 adjacent to each other 1s the same.

The space between the partition plates 111a adjacent to
cach other 1s larger than the thickness of the partition plate
1115.

Furthermore, the space between the partition plates 1115
adjacent to each other and the space between the side face
plate 103 and the partition plate 1115 nearest to the side face
plate 103 1s larger than the thickness of the partition plate
111a.

Furthermore, the partition plate 111la 1s positioned
between the partition plates 1115 adjacent to each other and
between the side face plate 103 and the partition plate 1115
nearest to the side face plate 103.

At this time, at an end face (one end face) of the partition
plate 111q, the partition plate 111a 1s connected to the side
face plate 105 in the imnner side of the speaker cabinet 100, and
the end face opposite thereto (the other end face) 1s positioned
away from the side face plate 106 1n the mnner side of the
speaker cabinet 100.

Furthermore, at an end face (one end face) of the partition
plate 1115, the partition plate 1115 1s connected to the side
tace plate 106 1n the imnner side of the speaker cabinet 100, and
the end face opposite thereto (the other end face) 1s positioned
away from the side face plate 105 in the mner side of the
speaker cabinet 100.

With this structure, the partition plate 111a, the partition
plate 1115, the front face plate 102, the rear face plate 107, the
side face plate 103, the side face plate 105, and the side face
plate 106 form the acoustic tube 110 having a shape mean-
dering inside the speaker cabinet 100. One opening of the
acoustic tube 110 1s positioned 1n a back volume part 109 of
the speaker unit 8, and the other opening i1s connected to an
opening 112 provided between an end of the side face plate
105 and the side face plate 103.

With respect to the speaker system having the structure
described above, the operation thereof 1s substantially the
same as 1n Embodiment 1. A different point 1s the position
where the acoustic tube 110 1s formed.

In the speaker cabinet 1 according to Embodiment 1, the
spiral-shaped acoustic tube 10 1s formed by providing the
spiral-shaped partition plate 11 formed along the four faces of
the side face plate 3, the side face plate 4, the side face plate
5, and the side face plate 6.

By contrast, in Embodiment 2, one end of the partition
plate 111a 1s connected to the side face plate 105 and one end
of the partition plate 1115 1s connected to the side face plate
106, as 1llustrated 1n FIG. 5A.

With this structure, the rigidity of the speaker cabinet 100
1s more 1improved and unnecessary sounds from the speaker
cabinet 100 caused by vibrations of the speaker unit 8 are
suppressed, compared with in Embodiment 1.
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In Embodiment 2, the total internal volume obtained by
adding the volume of the back volume part 109 to the internal
volume of the acoustic tube 110 1s 5 L, as in Embodiment 1.

The speaker unit 8 1s an electrodynamic type speaker having
a diameter of 16 cm. The cross section of the acoustic tube

110 has an area of 65 mm lengthx11 mm width and has a
length of 2 m. The percentage of the internal volume of the
acoustic tube 110 1s 28% to the total internal volume.

With the structure described above, the resonance {re-

quency determined by the acoustic mass of the acoustic tube
110 and the acoustic compliance component of the back
volume part 109 of the speaker unit 8 1s set to 16 Hz.

The sound pressure characteristic and the amplitude char-
acteristic with respect to the frequency 1n the speaker system
according to Embodiment 2 are similar to those in FIGS. 2
and 3 and thus omitted here.

The structure, 1n which the speaker unit 8 1s used and the
resonance frequency 1s set to 16 Hz under the condition that
the total cabinet volume 1s 5 L, 1s possible not only 1n the
above-described acoustic tube 110 of 2 m. For example, 1n a
case where the cross section area of the acoustic tube 110 1s
around ¢9.5 mm, the length ofthe acoustic tube 110 canbe 16
cm. In this case, the percentage of the internal volume of the
acoustic tube 110 to the total internal volume of the speaker
cabinet 100 1s 0.3%.

In a low range at 100 Hz or lower, the sound pressure
frequency characteristic excluding the characteristic at 85 Hz,
which 1s the resonance frequency of the acoustic tube 110, 1s
substantially the same.

FI1G. 6 1llustrates the amplitudes of the speaker unit 8 1n the
speaker system 1n a case where the length of the acoustic tube
1s 2 m and a case where that 1s 16 cm. In FIG. 6, the solid line
represents the amplitude frequency characteristic 1n the case
where the length of the acoustic tube used 1s 0.16 m 1n the
speaker system according to the present embodiment. The
dotted line represents the amplitude frequency characteristic
in the case where the length of the acoustic tube used 1s 2 m 1n
the speaker system according to the present embodiment.

Even when the acoustic tubes 110 are structured such that
the resonance frequency 1s set to 16 Hz similarly, the ampli-
tude of that of the acoustic tube having the length of 2 m 1s
smaller at the resonance frequency of 16 Hz. This seems to be
because the decreased cross section area of the acoustic tube
110 1ncreases the viscosity of the arr.

As aresult, when the sound pressure levels are compared as
the reproduction sound pressure levels 1n a case where the
amplitudes are the same, the sound pressure level of the
speaker system according to Embodiment 2, in which the
length of the acoustic tube 110 1s 2 m, 1s higher.

Furthermore, the particle velocities generated in the acous-
tic tube 110 are compared between the acoustic tube lengths
of 2 m and 16 cm. FIG. 7 illustrates the particle velocity
characteristics 1nside the acoustic tube 110 at 16 Hz.

The particle velocity with the acoustic tube length of 16 cm
1s about ten times higher than that of the acoustic tube 110
according to Embodiment 2. As a result, wind noises are
generated 1n the speaker system with the acoustic tube length
of 16 cm. In other words, with the acoustic tube length of 16
cm, even 11 the resonance frequency can be set to 16 Hz, that
system does not hold good characteristic as a speaker system.

Accordingly, for the system to be used as a speaker system
in view ol conditions related to the particle velocities mnside
the acoustic tube 110 and prevention of wind noises, the
percentage of the internal volume of the acoustic tube 110 to
the total internal volume of the speaker cabinet 100 needs to

be 5% or higher.
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Furthermore, FIG. 8 illustrates the relation between the
ratio of the volume of the acoustic tube to the total internal
volume and the particle velocity inside the acoustic tube. As
can be seen from this result, as the percentage of the internal
volume of the acoustic tube becomes lower than 5%, the value
of the particle velocity inside the acoustic tube 1s rapidly
increased. This indicates that the percentage of the internal
volume of the acoustic tube to the total internal volume of the
speaker cabinet needs to be 5% or more.

It should be noted that the thickness values of the partition
plates in Embodiments 1 and 2 are not limited as long as the
rigidity of the speaker cabinet can be secured by using that
partition plate.

Furthermore, the acoustic tube 110 connects the partition
plate 111a, the partition plate 1115, and the front face plate
102 and the rear face plate 107 to which the speaker unit 8 1s
attached. However, the embodiments are not limited thereto.
For example, a plurality of partition plates may be connected
in a tube shape so as to form an acoustic tube 1n a meandering
shape. In this case, 1t 1s desirable that the aspect ratio of the
cross section of the acoustic tube be prioritized.

For example, when an acoustic tube formed 1n a meander-
ing shape by a plurality of partition plates connected in a tube
shape 1s used, this acoustic tube may be disposed along the
inner wall faces of the side face plate 103, the side face plate
104, the side face plate 103, and the side face plate 106.

In the acoustic tube 1n a meandering shape, when the shape
of the inner walls on which the bending parts in the meander-
ing are present 1s a curved surface shape (R-shape), the con-
tinuity of the particle velocity mnside the acoustic tube 1s
improved.

Furthermore, as in Embodiment 1, when the characteristics
of the speaker unit include a peak, the peak can be reduced by
matching the peak frequency with the resonance frequency of
the acoustic tube.

Furthermore, disposing a sound absorption material mnside
the acoustic tube (for example, at the inlet part on the cabinet
side) can reduce rapid changes (dips) of the amplitude char-
acteristic 1n the vicinity of the second resonance frequency
determined by the length of the acoustic tube.

In Embodiment 2, the cross section area of the acoustic
tube 110 1s constant. However, the shape of the opening
thereol may be R-shaped. This leads to reduction of wind
no1ses.

Although the speaker systems according to the embodi-
ments have been described with reference to the drawings, the
present disclosure 1s not limited to those in the illustrated
embodiments. In the 1llustrated embodiments, various modi-
fications and variations may be made within the scope the
same as or equivalent to the present disclosure.

The present disclosure can be applied to a speaker system
characterized by low-Ifrequency range reproduction such as
one for a vehicle or a'TV.

What 1s claimed 1s:

1. A speaker system, comprising:

a speaker cabinet that has an opening;

a first speaker, including a first diaphragm, attached to the

speaker cabinet; and

at least one acoustic tube opened at both ends thereot,

wherein one end of the acoustic tube 1s positioned 1nside

the speaker cabinet,

wherein the other end of the acoustic tube 1s connected to

the opening,

wherein an amplitude of vibration of the first diaphragm of

the first speaker vibrated by applying a first AC signal,
having a frequency included 1n a first frequency band, to
the first speaker 1s lower than an amplitude of vibration
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ol a second diaphragm of a second speaker vibrated by
applying a second AC signal being the same as the first
AC signal to the second speaker 1n a manner that the
second speaker, being the same as the first speaker, 1s
attached to a closed type cabinet having the same nter-
nal volume as the speaker cabinet,

wherein when an amplitude of vibration of the first dia-
phragm vibrated by applying a correction AC signal
together with the first AC signal to the first speaker 1s
equalized to the amplitude of vibration of the second
diaphragm, a sound pressure reproduced by vibration of
the first diaphragm 1s equal to or lower than a sound
pressure reproduced by vibration of the second dia-
phragm by applying a third AC signal having a ire-
quency equal to or higher than a minimum resonance
frequency of the closed type cabinet determined by the
internal volume of the closed type cabinet and the caliber
of the second speaker 1s applied to the second speaker,

wherein the correction AC signal has the same frequency as
the first AC signal,

wherein an amplitude of the third AC signal 1s the same as
an amplitude of the first AC signal,

wherein the first frequency band includes a first resonance
frequency determined by an acoustic mass of the acous-
tic tube and an acoustic compliance component which 1s
determined by an internal volume of the speaker cabinet
excluding a volume of the acoustic tube, and

wherein the first resonance frequency 1s lower than the
minimum resonance frequency of the closed type cabi-
net.

2. The speaker system according to claim 1,

wherein the acoustic tube 1s spiral-shaped.

3. The speaker system according to claim 2,

wherein the acoustic tube 1s structured by connecting a
spiral-shaped plate member disposed 1nside the speaker
cabinet and two 1inner wall faces facing each other out of
the inner wall faces of the speaker cabinet.

4. The speaker system according to claim 2,

wherein the spiral-shaped plate member also serves as a
reinforcing member of the speaker cabinet.

5. The speaker system according to claim 1,

wherein the shape of the acoustic tube 1s a meandering
shape 1nside the speaker cabinet.

6. The speaker system according to Claim further compris-

ng:

a plurality of first plate members each having one end face
connected to a first inner wall face of the speaker cabi-
net; and

a second plate member with one end face connected to a
second 1inner wall face of the speaker cabinet, the second
inner wall face facing the first inner wall face,

wherein the plurality of first plate members are disposed
spatially apart from each other and the other end face of
cach of the plurality of first plate members opposite the
one end face of each of the plurality of first plate mem-
bers are positioned away from a second 1nner wall face,

wherein the second plate member 1s disposed 1n a position
between the first plate members adjacent to each other
and away from each of the first plate members adjacent
to each other,

wherein the other end face of the second plate member
opposite the one end face of the second plate member 1s
positioned away from the first inner wall face, and
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wherein the acoustic tube 1s formed of the plurality of first
plate members and the second plate member respec-
tively connected to a third mner wall face and a fourth
inner wall face that are two mner wall faces facing each
other out of the inner wall faces of the speaker cabinet
and respectively different from the first inner wall face
and the second 1nner wall face.

7. The speaker system according to claim 6,

wherein the first plate member and the second plate mem-
ber also serve as reinforcing members of the speaker
cabinet.

8. The speaker system according to claim 1,

wherein the cross section area perpendicular to the length
direction of the acoustic tube 1s made smaller 1n part.

9. The speaker system according to claim 1,

wherein the first frequency band 1s a frequency band of 16
Hz to 45 Hz, and

wherein a sound pressure reproduced by vibration of the
first diaphragm when a first AC signal having a {re-
quency 1n the vicinity of the first resonance frequency 1s
applied to the first speaker 1s substantially the same as a
sound pressure reproduced by vibration of the second
diaphragm when a second AC signal being the same as
the first AC signal 1s applied to the second speaker.

10. The speaker system according to claim 9,

wherein being substantially the same indicates that the
absolute value of the difference between the sound pres-
sure reproduced by vibration of the first diaphragm and
the sound pressure reproduced by vibration of the sec-
ond diaphragm 1s within 1 dB.

11. The speaker system according to claim 1,

wherein the percentage of the internal volume of the acous-

tic tube to that of the speaker cabinet 1s equal to or higher
than 5%.

12. The speaker system according to claim 1,

wherein a second resonance frequency determined by a
length of the acoustic tube substantially coincides with
the peak frequency of the sound pressure of the first
speaker attached to the speaker cabinet.

13. The speaker system according to claim 1,

wherein a sound absorption material 1s disposed as part of
the acoustic tube.

14. The speaker system according to claim 1,

wherein the acoustic tube forms surrounding walls of the
speaker cabinet.

15. The speaker system according to claim 1,

wherein, when the same AC signal having a frequency of a
second frequency that 1s lower than the minimum reso-
nance frequency and different from the first frequency
band 1s applied to each of the first speaker and the second
speaker, the sound pressure reproduced by vibration of
the first diaphragm 1s substantially the same as the sound
pressure reproduced by vibration of the second dia-
phragm.

16. The speaker system according to claim 15,

wherein being substantially the same indicates that the
absolute value of the difference between the sound pres-
sure reproduced by vibration of the first diaphragm and
the sound pressure reproduced by vibration of the sec-
ond diaphragm 1s within 1 dB.
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